The objective of the study was to investigate abnormalities of regional cerebral blood flow (rCBF) in young (age 33.076.3 years; range 21-45 years) non-diabetic and normolipidemic Asian Indians with hypertension. The rCBF was assessed with single-photon emission computed tomography (SPECT) in patients with hypertension (n ¼ 33) and healthy controls (n ¼ 20). The SPECT findings were normal in 41 subjects and showed abnormalities of cerebral perfusion in 10 subjects, all of which were hypertensive patients. These observations are extremely important for a vast number of young hypertensive patients in India. To prevent cerebrovascular accidents in future, patients with hypertension and decreased rCBF should be carefully monitored and their hypertension should be strictly controlled. These subjects may also be researched as potential candidates for preventive antiplatelet therapy.
Introduction
Several investigators have shown that systolic and diastolic blood pressures have a strong, continuous, and significant positive association with cardiovascular and cerebrovascular disease outcomes regardless of age and gender. [1] [2] [3] [4] [5] [6] Interestingly, decrease in the regional cerebral blood flow (rCBF) has been observed among neurologically normal volunteers with risk factors for stroke such as hypertension, coronary heart disease (CHD), and type 2 diabetes mellitus (T2DM) in the elderly age group. [7] [8] [9] Further, in neurologically normal volunteers with risk factors for stroke who later developed cerebrovascular symptoms including multi-infarct dementia, rCBF was reported to be reduced for as long as 2 years preceding their onset. 10, 11 Many of these investigations employed older techniques of rCBF evaluation. Recently, singlephoton emission computed tomography (SPECT) has been used for evaluation of rCBF in hypertensive patients. 12, 13 Impaired segmental perfusion of the brain, primarily of frontal and temporal location, in hypertensive patients (age range 37-63 years) 12 has been observed in recent study. It is important to note that rCBF in young hypertensive subjects has not been investigated. In case such a decrease in the rCBF occurs at a young age, it may have serious implications for cerebral function and anatomy as age advances.
CHD caused 2.3 million deaths in India in the year 1990; this figure is projected to double by the year 2020. Hypertension is directly responsible for 57% of all stroke deaths and nearly 1/4th of all CHD deaths in India. Moreover, prevalence of hypertension has been steadily increasing in India: from 5% in 1960s to 12-15% in 1990s, with the current prevalence being 10 and 25% in rural and urban subjects, respectively. 14 The risk factors for decrease in rCBF have been poorly investigated, and there are no data in Asian Indians. Specifically, there are no data regarding rCBF and hypertension in young people when atherosclerotic vascular changes are minimal. In our previous studies, we have been focusing on cerebral and cognitive functions in young adult Asian Indians, specifically those with T2DM and with other cardiovascular risk factors such as dyslipidemia. 15, 16 Interestingly, using SPECT of the brain, we recently showed abnormalities of rCBF in young hyperlipidemic patients. 16 We hypothesized that hypertension causes abnormalities in the rCBF in young adult Asian Indians. To investigate this hypothesis, we assessed the rCBF with SPECT in patients with hypertension and compared the data to healthy controls.
Materials and methods

Patients
The study was carried out from October 2001 to May 2004 at the Department of Medicine, AIIMS, New Delhi. The approval from the ethics committee was obtained and informed consent was taken. Hypertensive patients (n ¼ 33) were selected from the medicine and cardiology outpatient departments. Only non-diabetic and normolipidemic hypertensive patients in the age range 20-45 years were selected. Healthy controls (n ¼ 20) unrelated to patients were recruited by advertisement. All healthy controls had normal blood pressure and were non-smokers, non-alcoholic, non-diabetic, and normolipidemic. The patients were interviewed, examined, and investigated at the General Clinical Research Center by the same physician. Anthropometric measurements (body mass index (BMI), waist circumference, waist-to-hip circumference ratio (W-HR), skinfold thickness at four sites (biceps, triceps, subscapular, and suprailiac), and sum of skinfolds ( P 4SF)) and percentage of body fat (%BF) were assessed as described previously. 17 An electrocardiogram was obtained in all the subjects.
Measurement of blood pressure Same physician measured blood pressure with a standard mercury-column sphygmomanometer (Industrial Electronic and Allied Products, Pune, India) while the subject was seated for 5 min using the appropriate cuff size. Phase 5 Korotkoff sounds were taken for diastolic blood pressure categorization. In case of an abnormal blood pressure recording, another reading was obtained after 5 min rest. The average of six readings of systolic and diastolic pressures at two occasions was taken for analysis. The mercury sphygmomanometer was periodically validated against a Hawksley Random Zero Sphygmomanometer (Hawksley, Lancing, Sussex, UK).
Biochemical investigations
Blood samples were obtained after 12-h overnight fast for the estimation of blood glucose, total cholesterol (TC), serum triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) using the commercial kits (Randox Laboratory, San Francisco, CA, USA). Value of low-density lipoprotein cholesterol (LDL-C) was calculated by Friedewald's formula: LDL-C ¼ TCÀ(HDL-C þ TG/5). 18 Non-HDL cholesterol was calculated by deducting the value of HDL-C from the value of TC. 19 Definitions Diagnosis of hypertension was based as per the Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC-VI) recommendations. 20 The hypertensive patients were further categorized as stage 1, 2, and 3. 20 Normal blood glucose was categorized according to the World Health Organization criteria. 21 A non-obese person was defined by BMI as p25 kg/m 2 . 22 Excess %BF was defined when 425% in men and 430% in women. 23 High waist circumference was defined as 490 cm in men and 480 cm in women 22 and high W-HR was defined as 40.95 in men and 40.80 in women. 24 Total skinfold thickness ( P 4SF) was defined as high when the value exceeded 50 mm. 17 Normolipidemia was defined by the standard criteria used by National Cholesterol Educational Program, Adult Treatment Panel III. 19 SPECT of the brain The subjects were injected Technetium-99m hexamethylpropylamine oxime ( 99m Tc-HMPAO) or Technetium-99m ethylene cysteine dimer ( 99m Tc-ECD) before the procedure. The appropriate dose (range B15-25 mCi) was calculated according to the patient's weight. 25 The imaging of the brain was carried out 1 h after the injection of the tracer. The tracer has a rapid first-pass brain uptake with minimal redistribution and resultant image provides a snapshot of the regional cerebral perfusion during the period immediately following the tracer administration. 26 The patients were conveniently imaged within 4 h of injection of the tracer. 27 SPECT images were acquired using a dual-headed gamma camera system (Elscint Varicam, LG, Israel), with fan beamcollimator. A typical image acquisition protocol entails each detector rotating 1801 for a total of 3601 around the patient's head. Each detector stops 60 times and acquires a 128 Â 128 image for 30 s per stop. Total imaging time was B30 min for each patient. Using various algorithms, two-dimensional images were reconstructed to a three-dimensional data set by standard reconstruction software provided by the vendor. 28 The three-dimensional data could be displayed in axial, coronal, and sagittal planes. The sections were taken from orbeto-mental to high vertex. In case of any asymmetry in perfusion of any area of the brain, an irregular region of interest (ROI) was generated and a mirror image of ROI was also generated in the contralateral side. A nuclear medicine physician (CSB) blinded for clinical and biochemical data visually evaluated and analyzed the sections. In case of any asymmetry in perfusion of any area of the brain, an irregular ROI was generated and a mirror image of ROI was also generated in the contralateral side. The difference of more than 10% was considered abnormal.
Statistical analysis
The data were managed in Microsoft Excel s worksheet. After confirming the approximate normality, descriptive statistics for anthropometric, biochemical, and SPECT parameters were computed by arithmetic mean and standard deviation. Student's t-test was applied to determine the level of statistical significance of mean difference between two groups. Scheffe's multiple range test was applied wherever required. STATA 8.0 intercooled version software (STATA Corp., Houston, TX, USA) was used for statistical analysis. All the statistical tests used for analysis were two-tailed. In this study, a P-value lesser than 0.05 was considered as statistically significant.
Results
The data of 53 subjects (42 men and 11 women) were analyzed. None of the patient had history of smoking, chronic alcoholic intake, CHD, and peripheral vascular disease. Patients had stage II (n ¼ 18) and stage III (n ¼ 15) hypertension. A total of 24 patients were on antihypertensive drugs (angiotensin converting enzyme inhibitors, calcium-channel blockers, and beta-blockers in various combinations) and nine patients were on nonpharmacological therapy. The mean age of healthy controls (30.275.2 years; range 22-44 years) and hypertensive patients (33.076.3 years; range 21-45 years) was comparable. The mean values of BMI, %BF, waist circumference, and hip circumference were significantly high in the hypertensive group as compared to healthy controls ( Table 1 ). The mean levels of serum TG, TC, HDL-C, LDL-C, and fasting and postprandial blood glucose were statistically comparable between the hypertensive group and healthy controls ( Table 2 ). Four hypertensive patients with abnormal SPECT were on antihypertensive drugs and six patients were not receiving these (Table 3 ). In the group of hypertensive patients with normal SPECT, 20 patients were on antihypertensive drugs and two patients were not on drug therapy. Although levels of systolic and diastolic blood pressure were higher in the hypertensive patients with abnormal SPECT findings, the difference was not statistically significant.
SPECT in young Asian
Regional CBF (Figure 1 and Table 3 ) SPECT was performed in 53 subjects, but technically adequate data for analysis could be obtained in 51 subjects only. SPECT was normal in 41 subjects and abnormal in 10 hypertensive subjects. The distribution of regions of hypoperfusion was as follows: right parietal: three; right and left temporal: two each; right frontal, left tempo-parietal, and left frontoparietal regions: one each. The mean values of waist circumference, hip circumference, and %BF were similar in those with hypertension and abnormal SPECT and with hypertension and normal SPECT (Table 3) .
Discussion
Stroke is a major cause of death and disability in most populations of Eastern Asia, and the incidence, particularly of hemorrhagic stroke, is generally higher than in Western populations. 29 Further, the association between blood pressure and stroke seems stronger in Eastern Asian than in Western populations. 28 In this study, we showed strong association of decrease in rCBF in young hypertensive patients. This issue, although important from public health perspective, has been poorly researched. In the only previous study of similar nature, Claudiani et al. 13 studied rCBF in 25 patients using SPECT and compared them with normotensive subjects. These authors observed no significant differences in the rCBF values of the two groups, but focal areas of hypoperfusion were observed in five hypertensive patients. They opined that it was possible that SPECT study identified a subgroup of hypertensive patients at risk of future cerebrovascular pathology despite an effective antihypertensive therapy. There are significant differences in the study of Claudini et al. 13 and our study: hypertensive patients in our study were younger as compared to elderly subjects in the study of Claudini et al. 13 and we included more patients with moderate and severe hypertension. Another SPECT study was carried out in hypertensive patients older than the subjects recruited in the current study. 12 Finally, we meticulously excluded diabetes and dyslipidemia in hypertensive patients, conditions shown by us in previous studies to interfere with cerebral functions even at a young age. 15, 16 The decrease in rCBF in the present study was seen in the areas supplied by middle-cerebral artery, which is primarily affected in cases of hypertension. 30 There could be several reasons for cerebral hypoperfusion in hypertensive patients. It could be due to hyaline necrosis at small arteries due to the effect of high blood pressure alone. 31 Alternatively, risk factors for atherosclerosis (dyslipidemia, hyperglycemia, etc.) may cause structural changes in the arterial wall. These risk factors were not present in the hypertensive subjects in our study, specifically there was no difference in blood glucose and lipid levels between the two groups. However, other novel factors of atherosclerosis (plasma homocysteine, lipoprotein (a), C-reactive protein, etc.) may contribute to reduction of rCBF. Importantly, these risk factors are reported to be higher in Asian Indian as compared to Caucasian. [32] [33] [34] [35] In the current study, however, we did not measure any of the novel risk factors, which may have been important determinant for cerebral perfusion.
These observations are extremely important for Asian Indians, as nearly 30 million subjects in India in the age group of 20-45 years have hypertension, and approximately 20 million will have moderate to severe hypertension in this age group.
14 Extrapolation of our preliminary data to this figure shows that almost 7 million will have rCBF abnormality in the young age group. To prevent cerebrovascular accident in future, identified subjects having decreased cerebral blood flow should be intensively monitored, and their blood pressure should be strictly controlled. Whether such subjects are candidate for prophylactic anti-platelet therapy remains to be investigated. Another area of future research is whether these patients are of hypertension and decreased rCBF would develop accelerated lacunar infarcts and vascular dementia.
